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The Mines and Minerals of America. 


No. Il. 
CANNEL COAL MINES OF KANAWHA, VIRGINIA. 


Ranking next to the anthracite of Pennsylvania as a staple of national 
importance stands the cannel coal of Western Virginia and Kentucky. A 
great deal has been said and written on the abundance of this mineral as 
supposed to abound in these two States, but the public generally are nearly 
as far wide of the truth now as they were 10 years ago. Almost every 


landowner who finds a piece of loose cannel in one of the streams on his 
estate immediately sets forth he has a cannel coal mine, little thinking that 
it might have come down from some distant mountain ridge. The stranger, 
in travelling through these parts, feels astonished to hear everybody talk- 
ing about the abundance of cannel coal. At the tavern where he puts up 
for the night he finds himself beset by a host of land speculators, who di- 
late in the most glowing terms on the immense value of the cannel lands 
they are in possession of, and, to render their description more plausible, 
quotes the opinion of some noted professor, who had been in the neighbour- 
hood some years ago. The most luring baits are offered to tempt the 
stranger to invest. The prices vary from $3 to $30 per acre, but the 
question of title is generally kept on the shady side, for they are very chary 
of mooting this subject. ‘The fact is that not one estate out of five, or pro- 
bably ten, can produce a clear undisputed title at all. As regards the 
price, if they were truly cannel coal lands, the title good, and the position 
of the property eligibly located for working economically, $30 per acre 
would be quite a nominal sum, especially if there were a 3-ft. seam, or rather 
I should say, a seam carrying 3 ft. of cannel coal. Such, however, is not 
very often to be found, and when it is, its location from the river is such as 
to require a considerable outlay for tramroads. The cannel seams are 
usually the two upper ones of the measures, and in the vicinity of the na- 
vigable waters the hills are much denuded, consequently the cannel that 
once existed within them is either swept away, or so thinaed down, broken 
up, or shifted by heavy slides, as to make their continuity a matter of con- 
siderable doubt; we must, therefore, look for the regular seams in the next 
range of hills. These lie back from the river from one to three miles, and 
the only method of communication is by running a line of tramroads up 
the creeks and ravines to the mines. ‘This, however, is not a matter of 
great consideration when their construction is placed in the hands of those 
who understand the laying out of the works and conducting colliery opera- 
tions, but a very serious one under injudicious management, which many 
of our London friends who have expended money here know to their cost. 
There is, however, immense wealth embedded in and below these forest 
hills, as every one who has carefully examined them affirm, but the way 
of rendering it profitable to the capitalist the experience of the past ten 
years has failed to determine. ‘That it can, and very shortly will, be done 
T entertain not the least doubt, but the system hitherto pursued has to be 

ntirely changed. Companies must place their affairs in the hands of 
practical men, capital must be devoted to its legitimate course, and they 
must ascertain the probable end of their work before they commence. The 
ight plan is a very simple and perfectly safe ont; it may appear a little 


nore costly at the onset, but its final result on the right side admits of no | 


loubt. ‘There are some excellent men in this county who, if provided with 
he n means, and left untrammeled by the inexperienced dictum 
pf boards of directors, would long ere this have developed the resources of 
is magnificent coal field; but they have been cramped by both, hence 
he present uncertain state of the matter. Kanawha, however, may soon 
ook for better times. There are men now coming here of experience, 
ience, and capital, both English, French, and American; they. as a body, 
e not to be bribed by the land jobbers, or their opinions influenced by 
ecuniary considerations; they already well know there is a fine field open 
br bona fide business. By close attention to the object in view their la- 
ours will be amply rewarded; honesty of purpose they know to be their 
best policy. Misrepresentation of the value of these mineral lands, or the 
on-representation of the impediments in the way of making them valu- 
ble, is unnecessary, because the scope of their explorations is almost ad 
nfinitum. During the past nine months I have been making a geological 
ind topographical survey of the south-western part of the county, between 
he Kanawha and Coal Rivers, and which in another year will probably 
® extended further up the country in the same direction. My observa- 
ons, therefore, for the present must be confined chiefly to those sections 
t have come directly under my notice; and as there has been such a 
ge amount of copieal eukentbod in England, and I may truly say sacri- 
ed in this country, without any probability of its ever being regained, I 
all from time to time furnish your readers with a full description of each 

ining district seriatim. 
The Kanawha River, a stream of considerable magnitude, takes its rise 
hong the Allegany Mountains, being formed towards its head waters by 
number of powerful tributaries. It is ealled the New River until it 
ses the Gauley River, and enters Kanawha county, at the confines of 
hich may be said to be the head of navigation. It crosses the county in 
north-westerly direction, and passing through Patnam county falls into 
t Ohio at Point Pleasant, a place of historical renown during the Indian 


It was here the celebrated old chief Cornstalk, the white man’s 


nd, met his death. About centrally situate is the town of Charleston, 
® capital of the county, a place of considerable trade, arising chiefly from 
© numerous salt works in its immediate vicinity; it is 60 miles from its 
fluence with the Ohio, and steam-boats ply daily from the Ohio up to, 
d 10 miles above, the town. Near Charleston are two very fine rivers, 


¢ Elk bearing away for 150 miles to the north-east, and the Coal River for | 


out the same distance to the south-east. ‘These two tributaries, as well 
the parent stream, are subject to severe droughts during the dry summer 
son, which have rendered their waters unnavigable.. This has been a 
urce of great perplexity to the mining interest, and one of the present 
batest obstacles to the coal trade. 
en obtained to improve the navigation of the Kanawha; careful surveys 
¢ been made by eminent engineers, and a plan submitted. Itis pro- 
to construct immense reservoirs up in the, mountains, which during 
hter will fill up; these are to be drawn on in the dry weather. The 
r is to be sluiced—that is, wing dams are to be built at intervals, to 
ow the channel to about 150 ft. wide. It is considered by this means 
4 sufficient volume of water may be maintained throughout the year 
quate to the requirements of the navigation. Active measures are now 
poBTess to carry out this all-desirable undertaking, which, when com- 
“#, NO impediment to the transportation of the minerals will be en- 
ntered ; but to execute these improvements a very serious barrier pre- 
itself, in the form of a paucity in the monetary resources of the county, 
wed with a decided apathy on the part of the people for internal im- 
ments of any kind, Now, had one-tenth part of the capital that has 


A charter from the Legislature has | 


been lavished by outsiders in speculative or incipient mining projects during 
the past 10 years been expended on the river, its waters might have been 
made perpetually navigable, and the mines now lying idle would have been 
in active and profitable operation; but, like most projects in a new country, 
the early pioneers commenced at the wrong end, and the result is that 
nearly all the capital expended on the mines hus been sunk, and they have 
now to commence afresh, and begin at the beginning—at the river. Many 
excellent reports on the Kanawha coal field, ably got up, have from time 
to time been published, but the writers have only pourtrayed the bright 
side of the affair. They are in the main, perhaps, about true, because the 
coal being of the richest quality has been satisfactorily proved, but the market 
is some hundreds of miles off. The distance, however, is not of so much 
consequence, but between the mines and the market many difficulties inter- 
vene. The most formidable are the numerous shoals that impede the pre- 
sent navigation, the impetuosity of the current during freshets, and scarcity 
of water in summer, with a great deficiency of steam-towing power and 
properly constructed vessels, rendering the transportation a serious busi- 
ness. ining properties in the vicinity of Charleston are of much greater 
value at present than those 20 or 30 miles further up the river, and must 
be so for some years to come, unless the extension of the projected improve- 
ments should reach them, when the difference will not be of much conse- 
quence. During the past summer the river has been so low for three 
months that a steam-boat, only drawing 20 in. of water, has been unable 
to run up; but had the improvement been carried out neither steam-boat 
or coal barge would have been delayed a single trip. In winter the river 
is often frozen up for two months, but last winter, and up to the present 
time of this, the ice has not been thick enough to impede the navigation 


a matter of little consequence, for it must be borne in mind that all the 
rivers in the coal regions of this country are ice-bound for four months 
during the year, therefore two months only should not be considered as 
an impedimeut at all. In delineating the difficulties that beset mining 
enterprise in this part of Western Virginia, I do not wish to become an 
alarmist. Our London bondholders as well as shareholders have made 
heavy investments, and their capital is making no returns; they would 
prefer probably to read a promising report from this district, but I shall 
endeavour to inform them of the facts as they exist, by pointing out the 
true cause of the difficulties. This is the end and aim of these papers, and 
however unpalatable to many the narration may be, I consider it a duty 
incumbent on me as a public writer to do it. 

These mineral lands, worked as collieries alone, have failed, and will 
continue to fail, paying ay A money profit until the main navigation is 
made permanent. It now becomes a question—How is this to be done ? 
The public will not do it ; the mining companies cannot, and the mort- 
gagees and bondholders are reluctant to make further advances. About 
half a million dollars are wanted—say, 100,000/.—to complete the work ; 
if this is raised, and the work accomplished, who will be the recipients of 
the advantages? I say it will be pro bono publico ; for the people of the 
State will reap immense benefits from an extensive carrying trade ; the 
shareholders of the several mines will have their stocks rise in value, and 
the bondholders secure the value of their investments by the rapidly in- 
creasing value of the mineral properties. Now, the bondholders have the 
largest interest at stake, for theirs has been the outlay of real cash ; and 
should, therefore, be the first to come forward and give their support to the 
| projected works ; by doing so voluntarily it would act as a stimulus to the 
mining companies themselves ; and if a coalition of the two interests be 
effected, the improvements might easily and speedily be carried out. 

It must not be supposed that the capital expended in this undertaking is 
going to be invested and sunk merely to increase the value of the landed 
interests ; for the subscribers will be secured by bonds on the navigation, 
bearing interest at the rate of 7 per cent. ‘The traffic on the river is now 
very considerable, and pays good interest on the capital expended, consi- 
dering the very limited means the navigation board had at command ; but 
when the river is rendered permanently navigable the returns will be im- 
mense. It is the opinion of several prominent citizens here, who are well 
posted in all matters connected with internal improvements, that the tolls 
derivable from the augmentation of the river business will not only be am- 
ple to meet the regular payment of the interest, but leave a reserve fund 
to extend the works, and redeem the bonded debt in avery few years ; the 
improvement, therefore, of the Kanawha River is of the most vital import- 
ance to the mining capitalist, and until it is done mineral properties for 
the purpose of colliery operations alone will be of very little value. 
| Tue Measvures.—In the vicinity of Charleston, to the north-east and 
| north-west, the strata is nearly level, the rise and dip being mere gentle 
undulations ; they consist of grey, brown, red, and white sandstone, the 
| latter highly fossiliferous ; narrow bands of blue clay-slate, beds of cla 
| and sandy shales, thin seams of iron ore, and isolated patches of limestone; 
above the slates are found thin seams of very rich hematite, many stones 
of which I have found that will assay up to 60 per cent. in metallic iron ; 








but the prevailing ore is the carbonate of iron found in the kidney, or no- | 


| dular form, in uneven seggregated beds in a strong ferruginous sandstone. 
| At Davis Creek, about midway between Coal and Kanawha Rivers, are 
| two seams of coal, one of cannel, two of iron, and two of limestone, all 
within 300 feet above water level. I am not aware that any smelting ope- 
ratious as yet have been attempted other than experimental assays to as- 
certain the quality of the ore, these have given entire satisfaction. There 
is a tract of land in Trace Fork, Davis Creek, called the Hunley Iron Mine, 
well worthy the attention of persqns desirous of investing in Kanawha 
mineral lands ; it is of easy access, and contains coal, iron, lime, and can- 
nel. The general contour of the country presents a series of nasrow moun- 
tain ridges and ravines, varying from 800 to 500 feet in height; in these, 
and all above water, levels are five workable seams of coal, one a very rich 
bituminous, somewhat friable, two of compact splint, and two of cannel, 
the latter being the uppermost of the series ; the bituminous, or square- 





next splint seam is 4 fect, and in working gives about 3 feet of merchant- 
able coal. The upper cannel seam is 4 feet, and contains about 2 ft. 6 in. 
of pure cannel ; it is of a slaty, or partially laminated structure ; it is not 
very good for domestic fuel, but excellent for gas and oil-making purposes, 
as also for steam-boat uses, as it burns entirely away in flame. The second 
cannel seam varies in thickness from 4 to 6 feet, and gives from 2 to 4 ft. 
of fine cannel ; it is not always found uniform in character, but where per- 
fect, it is a hard coal, conchoidal in fracture, very dense, black and clean, 
burns with a bright white flame, is very rich in oil, makes an excellent 
domestic fuel, particularly that part of it called the “ bird’s-eye cannel;” 
when this coal is used no other light in the room is needed, as candles or 





scarcely at all; but even should the river be closed for 8 or 10 weeks, it is | 


oil lamps look dim in the glare given off in its combustion. This seam is, 
however, a very unreliable one ; in some estates it is found changed en- 
tirely, or nearly so, into bituminous coal, in others half cannel and half 
bituminous ; it appears best, or more regular, when imbedded in shales or 
laminated argillaceous sandstone, and is much“easier wrought. In some 
mines it is between two hard rocks, without any vein of clay or shale for 
a “ bearing in,” which makes it difficult to mine ; in this case it is exces- 
sively hard, and breaks before the pick like a piece of black flint, but the 
coal is very fine, and sells at a high price: I believe it is undergoing a 
state of transition, and eventually would bear the same relation to com- 
mon cannel as anthracite does to splint coal. The peculiar mutability in 
this seam gave me an infinite amount of trouble and perplexity during my 
surveys ; I could not identify it as the same seam in different localities : 
at length, by a series of careful examinations, with several explorations, 
I discovered it entirely changed its character when passing different loca- 
tions. I have, however, not as yet arrived at any satisfactory conclusion 
as to the cause of this variation ; for the bed and roof rock appears about 
the same all across the country, the shales are in places thicker and more 
friable than others, and the sandstone a shade more indurated, but in their 
mineral features they are the same. I have not met with any faults, dykes, 
down-throws, or upheavals, to disturb the general deposition of the strata ; 
there are numerous slides, but these are consequent on the disintegration 
of the valleys or ravines, and are confined to-mere surface movements ; 
bnt even it faults were found to exist, I see no reason why the seam should 
be metamorphosed from cannel into one of purely bituminous coal. I am 
still pursuing my investigations, and as the matter is one of great interest, 
I should like to hear from some of your correspondents if anything of the 
kind exists at the Boghead Mines, in Scotland, or in the blue cannel seams 
in Flintshire, North Wales. I find in the upper cannel seam some of the 
most splendid “ slickensides” I ever beheld in my life; they occur in the 
diagonal joints ; the surfaces are equal to the finest polished black marble; 
where they are found the coal comes out in rhomboidal blocks ; the joints 
do not pass up through the roof, therefore if this geological phenomenon has 
been caused by friction it must have been produced laterally, as no break 
occurs in either floor or roof. The joints of the coal are exactly like the 
slate formation in Carnarvon, only the cleavage planes have not. that uni- 
form parallelism. If we take an average yield of the cannel seams, we 
may compute them safely at 4000 tons to the acre, but in some places they 
are giving over 9000 tons, in others less than 3000. The bituminous coal 
will average 16,000 tons to the acre over about two-thirds of the surface 
base of the mountain lands. Cannel coal is ‘now selling on the Ohio at 
$44 per ton, and the best bituminous at $24 per ton. The mining cost 
may be put down at $1} per ton, average, but that would be materially re- 
duced if the mining companies could be persuaded to adopt modern im- 
provements in the mode of working the mines ; the time, however, has not 
arrived when such can be done, although we are in great hopes another 
year will not pass without some example being set, which when once done 
efficiently, others will speedily follow. Coal and cannel selling at the above 
prices, a good estate, properly wrought, will realise $58,000 per acre, one- 
half nearly being profit. C. 8S. Ricnarpson. 
(To be continued in next week’s Mining Journal.) 








On the Metallurgy of ead. 


BY JOHN ARTHUR PHILLIPS, 


{Read at the SocieTy or Arts, on Wednesday, April 27, 1859.) 


Although lead forms an essential element in a large number of minerals, 
the ores of this metal are, strictly speaking, far from numerous. Of these 
the most important is sulphide of lead, or galena. This mineral, which 
possesses a metallic brilliancy, and has a lighter colour than metallic lead, 
presents in its cleavage all the variations, from large facettes and lamina, 


indicating a cubic crystallisation, to a most minutely granular structure. 
It is extremely brittle, and its powder presents a brilliant blackish grey 
appearance. The specific gravity of galena is 7°5 to 7°8, and its composi- 
tion, when absolutely pure, is—Lead, 86°55; sulphur, 13°45 = 100-00. 

Galena is, however, but seldom found chemically pure, as, in addition 
to variable quantities of earthy impurities, it almost always contains a cer- 
tain amount of silver. It is usually observed that galena presenting large 
facettes is less argentiferous than those varieties having a closer grain, and 
thus finely granular steely specimens generally afford the largest amount 
of silver. It would appear, from recent experiments, that the silver con- 
tained in the finely-granular varieties of galena often occurs in the form of sul- 
phide of silver, mechanically intermixed, whilst in the more flakey descrip- 
| tions ofthis ore the sulphides of lead and silver are chemically combined. 
| Galena occurs in beds and veins, in granite, gneiss, clay-slate, limestone, 
| and sandstone rocks, 
| In Spain it is found in the granite hills of Linares and elsewhere; at 
Freiberg, in Saxony, it occupies veins in gneiss; in the Hartz, Bohemia, 
Cornwall, and many other localities, it is found in killas, or clay-slate. 
The rich deposits of Derbyshire, Cumberland, and the northern districts of 
England are in the mountain limestone; whilst at Commern, near Aix-la- 
Chapelle, large quantities of this ore are found disseminated in the Bunter 
sandstone. This mineral is frequently associated with blende, iron and 
copper pyrites, the carbonate and other ores of lead, and usually occurs in 
a gangue of sulphate of baryta, cale-spar, spathose ir~n, or quartz. It is 
also not unfrequently associated with fluor-spar. 

The next most important ore of lead is the carbonate, which is a brittle 
mineral, of a white or — white colour, having a specific gravity vary- 
ing from 6°46 to 6°50. Its composition is—Carbonic acid, 16°05; oxide 
of lead, 83°56 = 99°61. 














Large quantities of this substance occur in the mines of the Mississippi 


jointed seam, is 3 ft. 6 in. thick, of rich quality. One splint seam, called | Valley, in the United States of America, where they were formerly thrown 
the “twin seam,” is divided into two parts by a parting of argillaceous | away as useless, but have since been collected and smelted. Vast depo- 
sandstone 18 inches thick ; the entire stratification, or bed, is from 12 to | sits of this substance have also been found in the Bunter sandstone, near 
15 feet, it gives 7 feet of working coal; in some places both these beds | Duren, in Prussia, and at Freyung, in Bavaria. In the two latter locali- 
are merged into one, where the coal is found from 5 to 6 feet thick. The | ties it appears to form the cement holding together the granules of quartz, 


of which the sandstone principally consists. ‘These ores, which yield from 
14 to 20 per cent. of metal, do not readily admit of being concentrated b 

washing. The sulphate of lead does not often occur in sufficient quanti- 
ties to be employed as an ore of that metal. In appearance it is not un- 
like the carbonate, but may readily be distinguished from it by its not dis- 
solving with effervescence in nitric acid. Its specific gravity is from 6-25 
to 6°30, and its composition—Sulphuric acid, 25°65 ; oxide of lead, 74-05— 
99°70. This ore of lead usually results from the oxidation of galena. At 
St. Martin’s, near the Vega de Ribaddeo, in Spain, this mineral, more or 
less mixed with the phosphate of lead, is found in sufficient quantities to 
be made, on a small scale, the subject of an especial metallurgic treatment 
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Large quantities of sulphate of lead ores are also annually imported into 
this country from the mines in Australia. These ores contain on an ave- 
rage 35 per cent. of lead and 35 ozs. of silver to the ton of ore, together 
with a little gold. 

Phosphate of lead, when crystallised, usually presents the appearance of 
hexagonal prisms, of a bright green, brown, or yellowish colour. Its spe- 
cific gravity varies from 6°5 to 7:1. This mineral is composed of a mix- 
ture of true phosphate of lead, phosphate of lime, chloride of lead, and 
fluoride of calcium, and usually contains about 78 per cent. of oxide of 
lead. In Spain it oecurs in botryoidal forms, in connection with the sul- 
phate of the same metal, and is treated in blast-furnaces for the lead it 
affords. The other minerals containing lead seldom oceur in sufficient 
quantities to be of much importance to the smelter, and may, therefore, be 
disregarded in the present paper. 

The extraction and mechanical preparation of ores is the business of the 
miner, and not of the metallurgist, who receives the ores from the former 
freed as perfectly as possible from foreign matters. 

The metallurgic processes, by the aid of which lead is obtained from 
galena, may be divided into two classes. The first of these is founded on 
the following reactions:—If one equivalent of sulphide of lead and two 
equivalents of the oxide of the same metal are fused together, the result is 
three equivalents of metallic lead and one equivalent of sulphurous acid, 
which is evolved. This reaction is represented by the following equation: 

PbS+2PbO=3Pb+S02 

When, on the other hand, one equivalent of sulphide of lead and one 
equivalent of sulphate of lead are similarly treated, two equivalents of lead 
are obtained, and two equivalents of sulphurous acid gas evolved. Thus— 

PbS+PbO, SO*=2Pb+2S802. 

The process, founded on the foregoing reactions, and which we will dis- 
tinguish as the method by double decomposition, consists in roasting the 
galena in a reverberatory furnace until a certain amount of oxide and sul- 
phate has been formed, and subsequently, after having intimately mixed 
the charge and closed the door of the furnace, causing the whole to enter 
into a state of fusion. 

During this second stage of the operation, the reaction between the sul- 
phides, sulphates, and oxidts takes places, and metallic lead is eliminated. 
The roasting of the ore is, in some cases, conducted in the same furnace 
in which the fusion is effected, whilst in others two separate furnaces are 
employed. The process by double decomposition is best adapted for the 
richer varieties of ore, and such as are least contaminated by siliceous or 
earthly impurities, and is consequently that which is almost universally 
employed for smelting the ores of this country. 

By the second method, which we will call the process by affinity, the 
ore is fused with a mixture of metallic iron, which by combining with the 
sulphur liberates the metallic lead. This reaction wil] be understood by 
reference to the following formula: —PbS+Fe=Pb+FeS. 

In practice, however, metallic iron is not always employed for this pur- 
pose; cast-iron is also frequently used, and in some instances the ores of 
iron and hammer-slags are substituted, as are also tap-cinder and other 
secondary products containing a considerable percentage of this metal. 
None of these substances are, however, found to be so efficacious as me- 
tallic iron ; since cast-iron requires to be decarburised before it can readily 
decompose the sulphide of lead, and the ores of iron require the introdne- 
tion of various fluxes, and the consequent expenditure of an additional 
amount of fuel. In all cases, however, it is judicious to subject the ore to 
a preliminary roasting, in order to eliminate a portion of the sulphur, and 
thereby reduce the expenditure of iron, as well as to agglutinate the ore, 
and render it better adapted for its subsequent treatment in the blast fur- 
nace. I will not attempt to describe the different forms given to roasting 
furnaces employed for the ores treated by this process, but would remark 
that they frequently resemble the kilns used for the preparation of lime, 
while in some instances the ores are roasted in heaps, interstratified with 
wood or other fuel. 

The method of treating ore by affinity is particularly adapted to those 
varieties that contain a considerable amount of silica, since such minerals, 
if treated by double decomposition, would, by the formation of oxide of 
lead, give rise to silicates, from which it would be exceedingly difficult to 
extract the metal. 

Eneuish Process—Treatment BY Dovnie Decomposirion.—Ga- 
lena, if placed in a close vessel which protects it from the action of the air, 
and exposed to a gradually increasing temperature, becomes fused without 
the elimination of any lead taking place, but ultimately a portion of the 
sulphur is driven off, and a sulphide is formed, which at a very elevated 
temperature is volatilised without change. If, however, the vessel be un- 
covered, and the air allowed to act on its contents, oxygen combines with 
the sulphur, sulphurous acid is evolved, and the desulphuration of the 
mineral is slowly effected. 

When galena is spread on the hearth of a reverberatory furnace, and is 
30 placed as to present the largest possible amount of surface to oxidising 
influences, it will be found that the surface slowly becomes covered with 
a yellowish-white crust of sulphate of lead. The oxygen of the air, by 
combining with the two elementary bodies of which galena is composed, 
will evidently produce thiseffect. This is not, however, the only chemical 
change which takes place in the charge under these circumstances; oxide 
of lead is produced at the same time as the sulphate, or rather the forma- 
tion of the oxide is prior to that of the sulphate. In fact, during the first 
stage of the operation of roasting sulphurous acid is evolved, the sulphur 
quits the lead, and a portion of that metal remains in a free state. This 
becomes oxidised by the air passing through the furnace, and subsequently 
a part of it combines with sulphuric acid, formed by the oxidation of sul- 
phurous acid, and sulphate of lead is the result. In this way, after the 
expiration of a certain period, both oxide and sulphate of lead are present 
in the furnace. 

During the early period of the roasting, when the temperature of the 
furnace is not very elevated, the proportion of sulphate is larger than that 
of the oxide formed, but in proportion as the heat of the apparatus in- 
creases, the production of oxide becomes more considerable, whilst that of 
the sulphate diminishes. The sulphate and oxide thus formed react in 
their turn on the undecomposed galena, whilst a portion of the latter, by 
combining with the sulphide of lead, gives rise to the formation of oxysul- 
phides. This last compound has no action on galena, except to dissolve 
it in certain proportions, but is readily decomposed by the aid of carbona- 
ceous matter. It is, therefore, evident that the addition of carbon, at this 
stage of the operation, will have the effect of reducing the oxide and oxy- 
sulphide of lead. Every process, then, that has for its object the reduction 
of lead ores by double decomposition, comprises two principal operations. 
—1l. The reduction of galena, by the aid of heat and atmospheric air, to a 
mixture of sulphide, oxide, and sulphate, which mutually decompose each 
other, with the elimination of metallic lead.—2. The reduction of the oxy- 
sulphide by the addition of carbonaceous matter. 

THe ReverBeratory Furnace.—The reverberatory furnace em- 
ployed for the treatment of galena is composed, like all other farnaces of 
this description, of three distinct parts, the fire-place, the hearth, and thechim- 
ney. The hearth has toa certain extent the form of a fannel, of which the 
lowest point is on the front sideof the furnace immediately below the middle 
door. The molten metal descending from every side along the inclined 
bottom or sole, is collected in this receptacle, and is ultimately run off by 
means of a proper tap-hole. This tap-hole is, during the operation, closed 
by a pellet of clay. The inclination of the hearth is more rapid in the 
vicinity of the fire-bridge than towards the chimney, in order that the 
liquid metal may not be too long exposed to the oxidising and volatilising 
influences of a current of strongly-heated air. The dimensions given to 
these furnaces, as well as the weight of the charge Operated on at one 
time, vary considerably in different localities, but in the North of England 
the following measurements are usually employed: —The fire-grate is 5 ft. 
9 in. x 1 foot 10 in., and the thickness of the fire-bridge 1 foot 6 in.; the 
length of the sole is 9 ft., and its average width 7 ft. The depth of the 
tap is about 2 ft. 6 in. below the top of the inclined sole. The height of 
the toof at the fire-end may be 1 foot 4 in., and at the other extremity 
1linm. The introduction of the charge is in some cases effected by the 
doors of the furnace, whilst in other instances a hopper, placed over the 
centre of the arch, is made use of. 

On the two sides of the furnace are placed three doors, about 11 in. x 9 in., 
which are distinguished as 1, 2, and 3, counting from the fire-bridge end. 
The three doors on the one side are known as the front-doors, whilst those 
on the other side are called the back-doors. Immediately beneath the 
door on the front side of the furnace is situated the iron pan into which 
the molten lead is off. The bottom of this arrangement is in mest 
cases composed of fire-bricks, covered by a layer of vitrified slags, of 
greater or less thickness. In order to form this bottom, the slags are in- 


have become sufficiently fused, they are, by means of rakes and paddles, 
made to assumé the required form. The charge employed, as before 
stated, varies in almost every establishment. In the North, however, 
smaller charges are used than in most other localities. At Newcastle, and 
in the neighbourhood, the charge varies from 12 to 14 ewts.; in Wales, and 
near Bristol, 21-cwts. charges are treated; whilst in Cornwall, charges of 
30 ewts. are not unfrequently worked. The time required for smelting a 
charge varies with its weight and the nature of the ores, from 6 to 24 hours. 
Tn some cases the ores are introduced raw into the furnace, whilst in others 
they undergo a preliminary roasting previous to their introduction. Rich 
ores are generally smelted without being first calcined, but the poorer 
varieties, and particularly those which contain large quantities of iron py- 
rites, are, in most instances, subjected to roasting in a separate furnace. 
In order to understand more clearly the operation of smelting in furnaces 
of this description, we will suppose that a charge has just been tapped off, 
and that, after thoroughly clearing the hearth, a fresh charge of raw ores 
has been introduced, During the first part of the operation of roasting, 
which usually occupies about two hours, the doors are taken off to admit 
free access of air, and also for the purpose of cooling the furnace, which 
has been strongly heated at the close of the preceding operation. No fuel 
is at this period charged upon the grate, since the heat of the furnace is of 
itself sufficient to effect the elimination of the first portions of sulphur. 
The ore is carefully stirred, for the purpose of constantly presenting a fresh 
surface to oxidising influences, and when white fumes are no longer ob- 
served to pass off in large quantities a little coal may be thrown on the 
grate, and the temperature gradually elevated until he charge becomes 
slightly clammy and adheres to the rake. When the roasting is considered 
as sufficiently advanced, the smelter turns his attention to the state of the 
fire, taking care to remove the clinkers, and get the grate into proper con- 
dition for the reception of a fresh supply of fuel. ‘The furnace-doors are 
now closed, and a strong heat is kept up for about a quarter of an hour, 
when the smelter examines the condition of his charge by removing one of 
the doors. Ifthe operation is progressing satisfactorily, and the lead flow- 
ing freely, and passing without obstruction into the tap, the firing is con- 
tinued a little longer; but when the ores have been found to have taken 
fire, or are lying unevenly on the bottom of the furnace, the position of the 
charge is changed by the use of an iron paddle. During this operation the 
furnace becomes partially cooled, and the reduction of temperature thus ob- 
tained is frequently found to produce decompositions, which facilitate the 
reduction of the charge. In the case of extremely refractory ores this al- 
ternate heating and cooling of the furnace is sometimes almost indispen- 
sable, whilst in other instances their being raked over once or twice is 
all the manipulation that is required. 

We will suppose that four hours have now elapsed since the charging of 
the furnace, and that the charge has ran down the inclined sole towards 
thetap. Thesmelter now examines the condition of the scorix, and adds 
a couple of shovelfuls of lime and three or four shovelfuls of small coals, 
the amount and relative proportions of these being regulated in accordance 
with the aspect of the slags. The charge is now, by means of proper tools, 
again raised to the breast of the furnace, and the firing continued until 
the charge has run down into the tap-hole. The foreman now takes his 
rake, and feels if any lumps remain in an unfused condition, and if he finds 
all to be in a fluid state, he calls his assistant from the other side, and, by 
the addition of a small quantity of lime and fine coal, makes the slag as- 
sume a pasty, or rather doughy, consistency. By the aid of his paddle he 
now pushes this compound up to the opposite side of the furnace, where it 
it drawn by an assistant through the back door into a trough containing 
water. Whilst the assistant is doing this, the foreman is busily engaged 
in tapping off the metal into the iron pan in front of the furnace, from 
which, when sufficiently cooled, it is laded out into suitable moulds. The 
total duration of the operation may be about six hours. To build a fur- 
nace of the above description 5000 common bricks, 2000 fire-bricks, and 
25 tons of fire-clay are required. In addition to this must be reckoned the 
iron work, the expense of which will be much influenced by the nature of 
the armatures employed and the locality in which the furnace is constructed. 

The amount of fuel employed for the treatment of a ton of lead ore varies 
not only in relation to the richness of the mineral, but is also much in- 
fluenced by the nature of the associated matrix and the calorific value of 
the fuel itself. The loss of metal experienced during the operation is 
mainly dependent on the richness of the ore treated, and the skill and at- 
tention of the foreman. In the North about 12 cwts. of coal are con- 
sumed in the elaboration of 1 ton of ore, and the loss of metal on 60 per 
cent. ore may be estimated at about 12 per cent., of which about 64 per 
cent. is subsequently recovered from the slag and fumes. At a well-con- 
ducted smelting works, situated in the West of England, in which the 
average assay of the ores smelted during the year was 75}, the yield from 
the smelting furnaces was 68} per cent., and the coal used per ton of ore 
was 13% cwts. The lead recovered from the slag and fumes amounted to 
22 per cent., making the total yield of metal 71} per cent., and the loss on 
the assay produce 4} per cent. In this establishment the men are paid 
from 7s. 6d. to 12s. 6d. per ton of lead, in accordance with the nature of 
the ores operated on. 

In one establishment the process before described is somewhat varied. 
The charge employed is 21 cwts. This is run down and tapped off at the 
expiration of six hours, and about nine pigs of 14 cwt. each usually ob- 
tained. A second charge of 21 ewts. is then dropped in, and, as soon as 
it is roasted, mixed with the slags of the former operation. The whole is 
then run down in the ordinary way, the slags drawn, and the lead tapped 
off in nine hours. The produce of the second, or double charge, is from 
14 to 15 pigs. Ifthe ores are difficult to flow, 16 to 164 hours are required 
for the two charges. A small quantity of black slag from the slag hearth 
is employed for drying up. 

Sitac Heartu.—The various slags obtained from the different opera- 
tions of lead smelting are divided into two classes. Those which do not 
contain a sufficient amount of metal to pay for further treatment are 
thrown away as useless, whilst those in which the percentage of lead is 
sufficiently large are treated with the slaghearth. ‘This consists of a small 
blast-furnace, having the form of a rectangular prism, about 25 inches in 
height, 22 in. in breadth, and 33 in. in depth. ‘The bottom is composed 
of a thick cast-iron pan, which is made to incline slightly from the tuyere 
towards the breast of the furnace. Cast-iron bearers are placed on each 
side of the iron plate, and on these is supported the fore-hearth, which con- 
sists of two stout plates of cast-iron. A space of about 5 in. is thus left 
between the front and bottom of the furnace, and an additional height of 
24 in. is obtained by placing between them a row of fire-bricks laid on 
their flat. The slags escaping through the opening in the breast of this 
arrangement sometimes flow into a cistern of water sunk in the earth. 
This causes the slag to divide into small fragments, and thus adapts them 
for the process of washing, when it is intended to subject them to this ope- 
ration. Before starting a furnace of this description, its bottom is filled to 
a depth of 1 foot or 15 in. with small spongy cinders rather closely packed 
together, and which reach to within 4 or 5 in. of the orifice of the tuyere; 
the breast pan is also filled with cinders, which are intended to act as a 
kind of filter in the separation of metallic lead from the slags. The fur- 
nace is frequently lighted by the aid of a small quantity of peat, and when 
this has beeome fairly ignited, some good hard coke is thrown in, and as 
soon as it appears to be sufficiently inflamed, a stratum of grey slag, or any 
other substance to be treated, is introduced. From this time, the heart 
is supplied with alternate strata of fuel andslag. The lead obtained from 
the slag hearth is, from the high temperature at which it is produced, al- 
ways harder, and, therefor®, inferior in quality to that procured directly 
from the oreggin the reverberatory furnace, and this process is consequently 
never applied to the treatment of products that admit of being economically 
worked by the furnace before described. In addition to being employed 
for the reduction of slags, this apparatus is sometimes applied to the elabo- 
ration of ores of low produce, in the treatment of which the object sought 
is rather the extraction of the silver they contain than the reduction of 
the largest possible amount of lead. 

Instead of being blown by a cold-blast, these furnaces are sometimes 
supplied with heated air. When smelting with cold air, it is often found 
difficult to proportion the quantity of slag or other substance operated on, 
80 as to preserve the nose or cone of slag which forms at the end of the 


tuyere from growing too long, to the prejudice of the operation. When 
the substance operated on is poor for metal, and very refractory, it fre- 


quently happens that the smelter is obliged to break the nose, or introduce 
some very fusible substance in order to melt it off. By the introduction of 
hot air this inconvenience is removed, since by increasing or lowering the 
temperatare of the blast the nose may be allowed to lengthen or shorten, 
according as the nature of the slags may require. The temperature found 
to answer best is from 250 to 300 deg. Fahr.; since when it is heated to 
from 500 to 600 deg. it is found impossible to form a nose of sufficient 


back, which is expensive to rebuild, is quickly destroyed. The advantage 
to be derived from the use of the hot-blast will be evident from the result 
of two experiments which were tried some years since: 28 tons of slag, 
smelted with cold-blast, consumed 392 cubic feet of air per minute. La. 
bour cost, 3/. 7s. 8d. ; coke, 7 tons, at 24s. 6d. — 112. 19s. 2d.: 35 tons of 
similar slag, smelted with hot-blast, consumed 300 cubic fect of air per 
minute. Labour cost, 3/. 7s. 8d.; coke, 5 tons 17 cwts., at 24s. 6d, 
71, 3s. 4d.; turf for heating ores, 11 loads, 1s. 8d., 18s. 4d, = 111. 9s. 4q, 
From which it will be seen that with one-quarter part less ores a quarter 
os more slag was melted per week, and a saving in expense of 10s. ef- 
ted. The loss of lead experienced in smelting by the slag hearth is, 
however, very great, even under the most favourable circumstances; and 
it has, consequently, of later years been gradually superseded by the Cas- 
tillian furnace, which will be shortly described. Many large and well- 
conducted establishments still, however, continue to cry, slag hearth, 
and, when well constructed and skilfully managed, the arising from 
volatilisation may be considerably reduced. 
Scorch Hearru.—Instead of the reverberatory furnace, the Scotch 
hearth may frequently be employed with advantage for the treatment of 
lead ores of good produce, This consists of a rectangular cavity, lined 
with cast-iron, and of which the dimensions vary in different localities, a). 
though it is frequently made about 2 ft. square. The bottom is also of cast- 
iron, and is surrounded by a ledge, about 5 in. in height, with the excep- 
tion of the side nearest the work-stone, which is of iron, and may be about 
20 in. in breadth. This plate is made to have a fall of about 6 in. on its 
whole breadth; its upper side rests on the hearth bottom, or, in some in- 
stances, is united with it, only forming one casting. On the back edge of 
the furnace bottom is placed a prism of cast-iron, called a back-stone, and 
on this rests the nozzle of the tuyere, over which is again placed another 
block of the same metal, called a pipe-stone; and on this is placed an- 
other back-stone, which completes this side of the hearth. Along the 
two lateral edges of the hearth bottom are laid two prismatic castings, called 
bearers, which project slightly over the upper edge of the work-stone, 
Above these bearers is a prism of cast-iron, called a fire-stone, the space 
at each end being closed by cubes of cast-iron, called key-stones. Before 
the work-stone, and set in masonry, is the lead pot, into which the melted 
metal, as it issues from the hearth, is conducted by an oblique channel 
sunk beneath the surface of the iron plate. To prevent the escape of fumes 
into the smelting-house, the whole is covered by a hood of arched bricks, 
which is provided with a sheet-iron front. The blast introduced through 
the tuyere is regulated by a throttle valve, and the brickwork is consoli- 
dated and bound together by heavy iron straps, kept in their places by 
screw bolts passing through the masonry. The ores treated in the Scotch 
hearth are usually roasted in a separate furnace, for the purpose of effect- 
ing their partial desulphuration and oxidation before undergoing the pro- 
cess of smelting. At the termination of every shift, quantity of ore re- 
mains on the hearth in a semi-reduced state, called “‘ browse,” and is more 
or less mixed with fragments of coke and clinker, from which it is after- 
wards roughly separated. 

To commence a new shift, the cavity of the farnace is filled with peat cut 
into blocks; those at the back are heaped up without any kind of sides, but 
those towards the front are arranged in the shape of a wall. The blast ig 
now turned on, and an ignited fragment of peat thrown immediately before 
the nozzle, which quickly communicates combustion to the whole mass, 
On the top of this a few shovelfuls of coal are subsequently placed, and the 
browse resulting from the preceding operation is then charged on the top 
of the ignited mass, and shortly afterwards a portion of the molten matters 
in the internal basin is drawn on to the work-stone. ‘The grey slag is now 
removed, and thrown on one side of the furnace, and the browse, thus freed 
from slag, again returned to the hearth, with the addition of a little coal, 
If, as is sometimes the case, it has not been properly freed from slag, and 
therefore exhibits a disposition to fuse, it must be hardened by the addi- 
tion of a small quantity of quicklime, which dries up the materials in such 
a way as to facilitate the sahsoquent extraction of the lead. When, onthe 
contrary, the ore is found too refractory, a small quantity of lime, or of 
lime and fluor-spar, is added, but in this case a less amount of lime is em- 
ployed, as it is intended as a flux, and not as a drier of a too fusible slag, 
The slag thus obtained still contains a notable amount of lead, and is sub- 
sequently treated in the slag hearth. When the whole of the browse has 
been thrown back into the hearth, a few shovelfuls of roasted ore are dis- 
tributed over it; before doing this, however, the scoriee are removed, and 
a lump of peat is placed before the tuyere, which not only prevents any 
of the mineral from entering the nozzle, but also, from its porosity, seems 
to equalise and distribute the air through the mass. After another interval 
of about 20 minutes, the contents of the hearth are again drawn out on the 
work-stone, and another portion of metallic lead obtained. The grey 
slag is removed, and another lump of peat placed before the tuyere; the 
browse, together with a proper quantity of coal and quick lime, are again 
thrown upon the fire, and on the top is laid a fresh supply of roasted ore. 
The Scotch hearth will, in accordance with the nature of the ore treated, 
yield from 1 to 2 tons of metallic lead per shift, and usually affords softer 
metal than the reverberatory furnace. 

In an establishment in the North, where the Scotch hearth is employed, 
and in which the ores treated contain on an average 73 per cent of metal, 
the following results are obtained:—The lead reduced at the first fire 
amounts to 60 per cent., but 3°20 per cent. are subsequently obtained from 
the slags, and 6°91 per cent. from the fumes, making the ultimate loss 
on the assay produce 2°90 per cent. ‘The materials employed for the ela- 
boration of 1 ton of ore are as follows:— 
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To construct an ore-hearth 2000 common bricks and the same quan- 
tity of fire-bricks are required, together with about 14 tons of fire-elay. 

CastTiniaN Furnace.—Within the last few years a blast furnace has 
been introduced into the lead works of this country, which possesses great 
advantages over every other description of apparatus which has been 
hitherto employed for the treatment of lead ores of low produce. ‘This ap- 
paratus, although first employed in Spain, was, I am informed, invented 
by an Englishman (Mr. W. Goundry) who was employed in the reduction 
of rich slags in the neighbourhood of Carthagena. ‘This furnace is cir- 
cular, usually about 2 ft. 10 in., or 3 ft. in diameter, and is constructed of 
the best fire-bricks, so moulded as to fit together, and allow all the joints 
to follow the radii of the circle described by the brickwork. Its nsual 
height is 8 ft. 6 in., and the thickness of the masonry invariably 9 inches. 
In this arrangement the breast is formed by a semi-circular plate of cast- 
iron, furnished with a lip for running off the slag, and has a longitudinal 
slot, in which is placed the tapping-hole. On the top of this cylinder of 
brickwork a box-shaped covering of masonry is supported by a cast-iron 
framing, resting on four pillars, and in this is placed the door for feeding 
the furnace, and the outlet by which the various products of combustion 
escape to the fines. The lower part of this hood is fitted closely to the 
body of the furnace, whilst its top is closed by an arch of 44 inch brick- 
work laid in fire-clay. The bottom is composed of a mixture of coke-dust 
and fire-clay, slightly moistened, and well beaten to the height of the top 
of the breast-pan, which stands nearly 3 ft. above the level of the floor. 
Above the breast-pan is an arch, so turned as to form a sort of niche, 
18 in, in width, and rather more than 2 ft. in height. When the bottom 
has been solidly beaten to the required height, it is hollowed out so as to 
form an internal cavity, communicating freely with the breast-pan, which 
is filled with the same material, and subsequently hollowed out to a depth 
slightly below the level of the internal cavity. ‘The blast is supplied by 


larger, and 10 in. in length. Into these the nozzles are introduced, by 
which a current of air is supplied by means of a fan or ventilator, making 
about 800 revolutions per minute. The blast may be conveniently con- 
ducted to the nozzles through brick channels formed beneath the floor of 
the smelting-house, The ores treated in this furnace ought never to con 
tain more than 30 per cent. of metal, and when richer, must be redut 
to about this tenure by the addition of slags and other fluxes, In charging 
this apparatus, the coke and ore are supplied stratum super stratum, a” 
care must be taken to so dispose the coke as not to heat too violently the 
brickwork of the furnace. : 

In order to allow the slags which are produced to escape freely into the 
breast-pan, a brick is left out of the front of the furnace at the height 0 
the fore hearth, which, for the purpose of preventing the cooling of 
scoria, is kept covered by a layer of coke dust or cinders. From 
breast-pan the slags flow constantly off over a ost into cast-iron wags 
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» troduced into the furnace, the doors closed, and the damper raised. An 
elevated temperature is thus quickly obtained, and as soon as the scoris 


length to convey the blast to the front of the hearth, and, therefore, the 


where they consolidate into masses, haying the of truncated , 
of which the larger base 1s about 2 fect square, As soon as a sulicielt 








three water tuyeres, 3 in. in diameter at the smaller end, 5} in. at the 7 
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of Jead has accumulated in the bottom of the furnace, it is let off 
, val lead pot, by removing the clay stopper of the tap-hole situated 
ot of the breast-pan, and after being properly skimmed it is laded 
gids. When in addition to lead the ore treated likewise contains 
a portion of copper, this metal will be found in the form of a matt 
Pon the surface of the leaden bath. This, when yay my 4 solidi- 
* joved, and after being roasted is operated on for the copper it 
The wagons in which the l slag rans off are frequently 
traverse small railways, by which when one mass has been re- 
, its place may readily be supplied by an empty wagon. When 
ld the casings of the wagons are turned over, and the blocks of 
‘ easily made to drop out. In addition to the facility for 
. in this way, one of the great advantages obtained by this method 
sipulation arises from the circumstance that should the farnace at 
‘ge ran lead or matt without it being detected by the smelter, the 
of it will be collected at the bottom of the block, from whieh, when 
+ may be readily detached. 
gorking these furnaces, care must be taken to prevent flame from 
at the tunnel-head, sinee, provided the slags are sufficiently 
tus is kept the less will be the loss of metal 
~.) yolatilisation. In addition to the greatest attention being paid to 
“king of the farnace, it is necessary, in order to obtain the best re- 
hat all establishments in which this apparatus is employed should 
ded with long and capacious flues, in which the of 


ef 


oo takes place previous to arriving at the chimney-shaft. These 
‘jould be built 8 feet in width, and 6 feet in height, so as readily 
joit of being cleaned, and are often made of great nag The 
.o( the fumes 80 condensed amount to many hundreds, in some 
oes thousands per annum. In order to be advantageously worked 
<e furnaces, the ores should be first roasted, and subsequently agglo- 
aed into masses, which, after being broken into fragments of about the 
‘the fist, and mixed with the various fluxes, are charged as before 
ved, In an establishmv.t in which the average assay produce of the 
| ore for lead is 424ths, the farnace yield is 3844ths, and the weight 
eke employed to effect the reduction 22 per cent. of the roasted ore 
-#) on. ‘The mixture charged into the furnace, in this instance, is 
wosel of 100 parts of roasted ore, 42 parts of slags from a previous 
tion, 8 parts of scrap iron, and 7 parts of limestone. Each furnace 
.; off about 7 tons of roasted ore in the course of 24 hours; the weight 
ngs run off is about double that of the lead obtained, and the matt re- 
i from the surface of the pan is nearly 5 per cent. of the lead pro- 
|, The ores treated in this establishment consist of galena, much 
oi with spathose iron, and are, therefore, somewhat refractory. A fur- 
»of this kind requires for its construction about 1200 ental fire- 
4s, and the same number of ordinary fire-bricks of seeond quality. 
the desulpuration of the ores to be treated in these furnaces may be ef- 
| either by the aid of an ordinary reverberatory roasting furnace, or in 
s, or properly constructed kilns. The kilns best adapted for this pur- 
, consist of rectangular chambers, having an arched roof, and provided 
»proper flues for the escape of the evolved gases, as well as a wide door 
charging and withdrawing the ore to be operated on. Each of these 
abers is capable of containing from 25 to 30 tons of ore ; and in order 
harge it a layer of faggots and split wood is laid on the floor, and this, 
: having been covered by a layer of ore, about 2 feet in thickness, is 
ved, care being at the same time taken to close, by means of loose 
i-work, the opening of the door to the same height. When this first 
rhas become sufficiently ignited, a fresh stratum of ore, mixed with a 
ecoal or charcoal, is thrown upon it, and when this layer has in its turn 
me sufficiently heated, more ore is thrown on. In this way more ore is 
n time to time added, until the kilu has become full, whén the orifice of 
loorway is closed by an iron plate, and the operation proceeds regular! 
without further trouble until the greater ion has become eliminated. 
s usually happens at the expiration of about four weeks from the time 
irst ignition, and the brick-work front is then removed, and the ores 
xen out, and alter being mixed with proper flaxes, passed through the 
t-furnace. The proportion of wood necessary for the roasting of a ton 
we by this means must necessarily depend on the composition of the 
nerals operated on ; but with ores of the description above-mentioned, 
\in a neighbourhood where wood is moderately cheap, the desulphur- 
m may be effected at a cost of about 5s. per ton. 


(,LoryinG.—The lead obtained by the various processes above deseribed 
erally contains a sufficient amount of silver to render its extraction of 
‘h importance ; but, in addition to this, it is not unfrequently associate! 
ti antimony, tin, copper, and various other impurities, which feqttire to 
removed before the separation of the silver can be effected. This ope- 
ion consists in fusing the hard lead in a reverberatory furnace of pe- 
ar construction, and allowing it to remain, when in a melted state, ex- 
ed to the oxidising influences of the gases passing through the apparatas. 
this treatment the antimony, copper, and other impurities become oxi- 
ed, and on rising to the surface of the metallic bath aré skimmed off, 
i removed with an ironrake, The hearth of the furnace in which this 
ration is conducted consists of a large cast-iron pan, which may be 8 ft. 
length, 5 ft. 6 in. in width, and 10 in. m depth. The fireplace, which 
| foot 8 in. in width, has a length equal to the width of the pan, and is 
arated from it by a fire-bridge 2 feet in width. The héight of the arch 
the bridge end is 1 foot 4 in. above the edge of the pat, whilst at the 
ter extremity it is only about 8 in. The lead to be introduced into the 
n is first fused in a large iron pot fixed in brick-wotk at the side of the 
mace, and subsequently laded into it through an iron gutter adapted for 
ut purpose. ‘The length of time necessary for ped ey mn of hard 
4 obviously depends on the nature and amount of the impurities which 
contains ; and, consequently, some varieties will be stiffeiently improved 
the expiration of twelve hours ; whilst in other instari#éd it is necessary 
continue the operations during three or four weeks. Thé éharge of hard 
ad varies from 8 to 11 tons. 
When the metal is thought to be in a fit state for tapping, a small por- 
bn taken out with a ladle, and poured into a mould used for this purpose, 
found on cooling to assume at the surface a peculiar orystallised appear- 
ce, which, when once seen, is readily again recognised, As soon as this 
pearance presents itself an iron plug is withdrawn from the bottom of 
’ pan, and the lead ran off into an iron pan, from which it is sabsequently 
ed ‘nto moulds. The items of cost attending the calcination of 1 ton 
hard Spanish lead in the North of England are about as follows:— 
ages, 1s. 11°2d.; coals, 2:7 ewts,, 4°7d.; repairs, &¢c., O'bd, = 2s, 4°4d. 
le construction of a furnace of this description requires 5000 common 
icks, 3500 fire-bricks, and 2 tons of fire-clay, 


Coxcentration OF tHE Sitver.—This process is founded on the cir- 
stance first noticed in the year 1829 by the late H, L. Pattinson, of 
ie na ian l'yne, that when lead containing silver is melted in a suit- 
“ heey afterwards slowly allowed to cool, and at the same time kept 
ealiie y ene ky certain,temperature near the melting point of lead, 
™ ‘on gin to form. These, as rapidly as they are produced, 
hy +4 near and on being rethoved are found to contain mttcl less 
Me eg the lead originally operated on, The still fluid portion, from 
ee — have been removed, will at the same time be propor- 
oye er ed. This operation is conducted in a series of eight or ten 
cont oF ne) Set Ina row, with fire-places beneath. ‘These are each capable 
ss anneal about 6 tons of calcined lead; and on commencing an operation 
lethedaast of metal containing, we will suppose, 20 ozs. of silver per ton 
~“ pe into a pot (say, No. 4) about the centre of the series. This, 
eter nee Ay carefully skimmed with a perforated ladle, and the fire im- 
hentn scrawn. The coolitig of the metal is also frequently hastened 
itated bre Water upon its surface, and whilst cooling it is kept constantly 
nkagtheie ane uus Of a long iron stirrer, or slice. Crystals soon begin to 
2 seamevel tar oe and these as they accumulate and fall to the bot- 
OP emt. v means of a large perforated ladle, in which they are 
brkman, "This alterwards carried over to the next pot to the left of the 
ls have been eh mae g goes on continually until about 4 tots of crys- 
D. 5, at which ti en out of the pot No. 4, and have been placed in pot 
ton, whilst wed the pot No. 4 may contain about 40 ozs, of silver to 
4 is then Inded tet N® 5 will only yield 10 o#s, The rich lead in 
hl the operation, eont?, the ext pot, No. 3, to the right of the workman, 
this wy ree repeated in No. 4, on & fresh quantity of ealeined lead. 
nd passes co ae lead is py! introduced, and the resulting poor 
ig towards hie thagly to the left of the workman, whilst the rich is pass- 
Sper Prods tight. Hach pot itt succession, when filled with lead of its 
the left of the silver, is in its tarn crystallised, the poor lead passing 
thod of plage and the enriched lead to his right. By this 
the left of the me is evident that the crystails obtained from the pots 
® Tich lead passing 10 Hiv shone ney, be deprived of their silver, whilst 
sing to his right becomes contitiually richer, The final 
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result is that at one end of the series the  eooe lead contains very little silver, 
whilst at the other an exceedingly rich alloy of lead and silver is obtained. 
The poor lead obtained by this process should never contain more than 
12 dwts. of silver per ton, whilst the rich lead is frequently concentrated to 
500 ozs. to the ton. This rich lead is subsequently cupelled in the refining 
furnace. The ladle employed for the removal of the crystals, when manual 
labour is made use of, is about 16 in. in diameter, and 5 in. in depth, but 
when cranes are used much larger ladles are easily mqnaged. A form of 
crane has been invented by Mr. J. Sparks, which effects considerable eco- 
nomy of labour. When, during the operation of crystallisation, the ladle 
becoms ehilled it is dipped into 4 smal! vessel containing lead of a higher 
temperature than that which is worked, and known by the name of 
a temper-pot. The pot containing rich lead is often called the No. 1 
pot; in some establishments, however, the last pot in which the pure lead 
is crystallised obtains this appellation. ‘The cost of crytallising 1 ton of 
calcined Spanish lead, in the éstablishment quoted when treating of cal- 
cination, is as follows:—-Wages, 9s. 54d. ; eoals (4 cwts.), 8°4d.; repairs, 
2-5d.: total, 108, 45d. The érection of mitie 6-ton pots requires 15,000 
common bri 10,000 fire-bricks, 160 feet of quarles, 80 fire-clay blocks, 
and 5 tons of lay. In some establishments 10-ton pots are employed, 
and where cranes are made use of they are foand to be advantageous. 
Rermvixe.—The extraction of silver contained in the rich lead is con- 
ducted in a cupel forming the bottom of a reverberatory furnace called 
arefinery. In this operation the litharge produced, imstead of being ab- 
sorbed by the substance of the enpel, is run off in a fluid state, by means 
of @ depression called a gate. The size of the fire-place varies with the 


other dimensions of the furnace, but is nearly square, and in an 
apparatus of ordinary size may be about 2 ft. by 2 ft. Gin. This is sepa- 
rated from the body of the furnaee by a fire-bridge 18 inches in breadth, so 
that the flame and heated air pass directly over the surface of the cupel, and 
from thence escape by means of two separate apertures into the main flues 
of the establishment. ‘The cupel or test consists of an oval iron ring, about 
5 in. in depth, its greatest diameter prey ft. and its lesser nearly 3 ft. 

This frame, in order to better support the bottom of the cupel, is provided 

with eross-bars about 44 in. wide, and } in. in thickness. In order to make 
a test, this frame is beaten full of finely-powdered bone-ash, slightly moist- 

ened with water, containing a small quantity of pearlash insolation, which 

has the property of giving consistency to the cupel when heated. The 

centre of the test, after the ring has been well filled with this mixtnre, and 

solidly beaten down, is scooped out with a small trowel, until the sides are 

left 2 in. in thickness at top, and 3 in. at the bottom, whilst the thickness 

of the sole itself is about lin. At the fore part or wide end of the test the 

thickness of the border is increased to 6 in., and a hole is then cut through 

the bottom, which communicates with the openings or gates by which the 

liquid litharge makes its escape. The test, when thus prepared, is placed 

in the refinery furnace of which it forms the bottom, and is wedged to its 

proper height against an iron ring firmly built in the masonry. When this 

furnace is first lighted, it is necessary to apply the heat very gradually, since 

if the test were too strongly heated before it became perfectly dry it would 

be liable to crack. As soon as the test has become thoroughly dry, it is 

heated to ineipient redness, and is nearly filled with the rich to be 

operated on, which has been previously in an iron pot at the side of 
the furnace, and beneath which is a small grate, where a fire is lighted. 

The melted lead, when first introduced into the furnace, becomes covered 
with a greyish dross; but on further increasing the heat, the surface of the 
bath uncovers, and ordinary litharge begins to make its appearance, The 
blast is now tarned on, and forces the litharge from the back of the test up 
to the breast, where it passes over the gate, and falls through the aperture 
between the bone-ash and the ring into a small cast-iron pot running on 
wheels. The air, which is supplied by a small ventilator, not only sweeps 
the litharge from the surface of the lead towards the breast, but also sup- 
plies the oxygen necessary for its formation. In proportion as the surface 
of the lead mes depressed by its constant oxidation, and the continual 
removal of the resulting litharge, more metal is added from the melting- 
pot, so as to raise it to its former level; and in this manner the operation 
is continued until the lead in the bottom of the test has become so enriched 
as to render it necessary that it should be tapped. ‘The contents of the test 
are now so far reduced in volume that the whole of the silver contained in 
the rich lead operated on remains in combination with a few hundred 
weights only of metal, and this is removed by carefully drilling a hole in 
the bone-ash forming the bottom of the test. The reason for the removal 
of the rich lead is to prevent too large an amount of silver from being 
carried off in the litharge, which is found to be the case when lead con- 
taining a very large amount of that metal is operated on. 

When the rich lead has been thus removed, the tapping-hole is again 
closed by a pellet of bone-ash, and another charge immediately introduced. 
As soon as the whole of the rich lead has been subjected to cupellation, 
and has become thus further enriched, the argentiferous alloy is itself simi- 
larly treated, either in a fresh test, or in that employed for the concentra- 
tion of the rich lead. ‘The brightening of pure silver at the moment of 
the separation of the last traces of lead indicates the ise period at 
which the operation should be terminated, and the blast is then turned off, 
and the fire removed from the grate, The silver is now allowed to set, and 
as soon as it has become hatdened, the wedges are removed from beneath 
the test, which is placed on the floor of the establishment. When cold, 
the silver plate is detached from the test, and any adhering particles of 
bone-ash removed by the aid of a wire brush, 

A test furnace of ordinary dimensions requires for its construction about 
2000 common bricks, 2000 fire-bricks, and 1} ton of fire-clay. A furnace 
of this kind will work off 4 pigs of lead per hour, «nd consume 4 cwts. of 
coal per ton of rich lead operated upon. The cost of working a ton of rich 
lead in the neighbourhood of Newcastle, containing on an average 400 ozs. 
of silver per ton, is a8 follows:— 


Refiner’s Wages ....eeseeeeees £0 4 2°1| Pearl-ash .,... PTTTTTT ITT The £0 0 35 
Coals, 4 CWS, siscededecedes 0 0 68 | Bone-ash, 17°3 Ws. .seeeceees 63 10 
Emgine Wages .ssesscedesses 0 1 70| Repairs sseeee sdesesesseoees O 0 50 
Coals, 5 CWtO, ceccscsserenes 00 87 | -_--— 

POtal csssicciscsevedessssersssetdededssteesvesevess «+ £0 10 101 


Repucine.—The reduction to the metallic state of the litharge from the 
refinery, the pot dross, and the mixed metallic oxides from the caleining 
furnace, is effected in a teverberatory apparatus, somewhat resembling a 
smelting furnace, except that its dimensions are smaller, and the sole, in- 
stead of being lowest immediately below the middle door, gradually slopes 
from the fire-bridge to near the Sen, where there is a depression, in which 
is inserted an iron gutter, which constantly remains open, and from which 
the reduced metal flows continuously into an iron pot, placed by the side 
of the furnace for its reception, and is subsequently laded into moulds. 
The litharge, or pot dross, is intimately mixed with a quantity of small coal, 
and is charged on that part of the hearth immediately before the fire- 
bridge. 'To prevent the fused oxide from attacking the bottom of the fur- 
nace, and also to provide a sort of hollow filter for the liquid metal, the 
sole is covered by a layer of bituminous coal, The heat of the furnace 
quickly causes the ignition of this stratum, which is rapidly reduced to the 
state of a spongy cinder. The reducing gases t in the furnace, aided 
by the coal, mixed with the charge itself, cause the reduction of the oxide, 
which assuming the metallic form flows thtough the interstices of the 
cinder, and ultimately finding its way into the depression at the extremity 
of the hearth flows through the iron gutter into the external cast-iron pot: 
The surface of the charge is frequently, during the process of elaboration, 
turned over with an iron rake, for the double purpose of exposing new sur- 
faces to the action of the furnace, and also to allow the reduced lead to 
mote reatlily flow off. Fresh quantities of litharge, or pot dross, with small 
coal are from time to time thrown in, in proportion as that already charged 
disappears, and at the end of the shift, which usually extends over 12 hours, 
the floor of cinder is broken up, and after being mixed with the resi- 
duual matters in the furnace is withdrawn. A new floor of cinders is then 
introduced, and the operation commenced as before. A furnace of this 
kind, having a sole 8 ft. in length and 5 ft. in width, will afford from 
litharge about 4} tons of lead in 24 hours, and will consume 20 ewts, of coal. 

The dross from the calcining pan, when treated in a furnace ot this de- 
scription, should be previously reduced to a state of fine division, and inti- 
mately mixed up with small coal and a soda-ash. In many cases, how- 
ever, the calcined dross is treated in the smelting furnace. ‘The hard lead 
obtained from this substance is again taken to the caleining furnace, for 
the purpose of being softened. ‘The expense of reducing 1 ton of litharge 
may be estimated as follows :—Wages, 2s. 6d.; coals (3 cwts.), 5:2d. ; 
repairs, 1°6d.—3s. 08d. In the establishment from which the foregoing 
data were obtained, the cost of slack delivered at the works was only 
2s. 11d. per ton, which is cheaper than fuel can be obtained in the ma- 
jority of the lead mills of the country. In North Wales the cost of small 
coal is generally about 4s., and at Bristol 5s. 6d. per ton. The total cost 


of elaborating 1 tox of hard lead, containing 30 ozs, of silver per ton, in a 
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locality in which fuel is obtained at the low price above quoted, is nearly 
as follows :-— 








315 











Caleining «.sccesssececscess BO 2 44 | Blage .occcccccccccscccecece 20 0 50 
Crystallising ....cesssesesess 0 9 65 | Bome-ash, Kc, ...ccececccess 00 70 
Refining ...scecccccorseseers © 0 92] Transport, Kc. ....cc.ccccess 0143210 
Reducing (pot dross & litharge) 0 1 0°8 | Management, taxes, and in- 0 5100 
Calcined Gross ...++seecsesee 0 O BO] terestofplant .......... } . 
Total ..ccsereees a PT ETTTTTITITILIT TTL TTT TT £1 2 39 


One hundred tons of hard lead treated gave:—Soft lead, 94-90; black 
dross, 3°72; loss, 1°38=10000. On comparing the expense of each ope- 
ration, as given in the fore abstract, with the amounts stated as the 
cost of each separate process, will be found to be widely different; but 
it must be remembered that the whole of the substances elaborated is far 
from being subjected to the various treatments described. In order, there- 
fore, to give an idea of the relative proportions which are passed through 
the several departments, I state that in an establishment in which tho 
ores are treated in the Castillien furnace the following are the results ob- 
tained: —100 of raw ore yielded—Roasted ore, 85; hard lead, 42; 
soft lead, 36; rich lead, 9; dross and litharge re-treated, 184. The im- 
portance of this branch of our metallargic industry will be gathered from 
the following tabular statements, chiefly derived from Mr. Robert Hunt’s 


valuable statistics :— 
a: gegeeagaes 
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Estimated value of lead and silver consumed in Great Britain, 1857 :—~ 
Lead and silver produced in the United Kingdom.. £1,670,353 


Silver imported, 846,569 028....+.ecccvesereceese 232,806 = £1,903,159 
Lead exported «scesccccesecsevessees +-Tons 22,397 
Lead imported .ssccccescercsevevecvess » 12,768=9,629 211,838 
Value consumed ...ceeceseseees eoccesees 41,691,321 
TABLE IIL. 


Silver produced from ores raised in Great Britain for four years, ending 


1857 :—~ 1854. 1855. 1856. 1867. 
England «sss. peecces Ozs. 419,824 .... 439,983 .... 481,909 .... 417,343 
Wales coccvcccecccccveccee 67,051 + 57,521 .... 62,357 .... 58,097 
Treland..escecsess ecovecees 18 7,252 606 3,700 «6.6 8,071 
Seotland .pseevecesasecsses 5A26 .... 4,947 .... 5,289 .... 4,206 
Isle Of MAM -occsesperevess + 52,262 .4.. 51,697 .... 60,882 .... 48,016 

Total .scccccocccese 562,659 ...- 561,300 ..,. 613,637 .... 530,733 
Value, at 5s, 6d. per ounce . ,£154,730 £154,357 £158,750 £146,501 
Market value of lead produced in the United Kingdom in 1857 ....£1,523,852 
Ditto of silver ...cccceeecsenrerees PTTTTITITITTTI TTT iTT TTT TTT 146,501 

TOA ccccccccvecccccocccccscccesoccese eecccece + £1,670,353 


It would be evidently impossible to comprise within the limits of a sin- 
gle paper a description of the whole of the various processes employed in 
different parts of the world for the reduction of Tead from its ores; and I 
have, consequently, confined myself to an exposition of the general routine 
of the operations commonly practised in this country. In doing this it has 
been my endeavour to furnish reliable data as to the expenses and losses 
incurred in each operation ; and although it would have oom easy to have 
multiplied examples, want of space has prevented my doing so. It is in 
the treatment of ores of good produce that the reverberatory furnace and 
Scotch hearth are to be preferred ; but for working minerals of a low per- 
centage the blast furnace may generally be substituted with advantage. 
The slag hearth, from the amount of fuel consumed and loss experienced, 
is a somewhat expensive apparatus, and might, in many cases, be advan- 
tageously exchanged for the Castillian furnace. It is well-known that the 
losses which take place in this branch of metallurgy are, from the volatility 
of the metal operated on, unusually large. In those establishments, how- 
ever, in which due attention is paid to fluxes and a proper admixture of 
ores, as well as the condensation of the fumes, a great economy is effected. 
In lieu of long and extensive flues, condensers of various descriptions have 
from time to time been introduced, but in most instances the former have 
been found to be more efficient. 


After the reading of the paper, which was illustrated by specimens of 
the various ores of lead, and the different processes were elucidated by a 
complete series of diagrams, drawn to a scale of 3 in. to 1 foot, there was 
a very interesting discussion, in which Messrs. Robt. Hunt (the Chairman), 
John Phillips, Warrington, Hyde Clarke, and others, took part. This we 
shall give in detail in » Supplement with next week’s Journal, 











Patent Sarety-Cace.—Amongst the drawings exhibited at the So- 
ciety of Arts is one of a safety-cage invented by Mr. R. Aytoun, of Edin- 
burgh, and which has already been descri in the Mining Journal. 
The actual winding-rope or chain is connected at its lower end by a ring 
or hook, to which again is attached a double chain connected diagonally to 
the cage by spring-clipping levers. The longer arms of hs onus are 
formed with lateral projections embracing the main vertical guides in the 
shaft, the relations of the parts being such that so long as the jamming- 
levers are kept in a horizontal position the cage can work freely up and 
down the guides ; but when they are thrown out of the horizontal line 
the breakage of the rope or otherwise the levers jam firmly upon 
face of the guide, and the descent of the cage is arrested. 





Axorr’s Exvtrptica, Furnace.—Mr. C. C. Alger provisionally speci- 
fied a patent for the — of his new principe to a cupola furnace, 


but no complete specification was filed, probably because the invention 
contains no novelty which would not be covered by his former patent. 





Coat-Burninc Locomorives.—The invention of Mr. Peter Brother- 
hood consists in the interposition between the fire-box and ordinary tubes 
of a combustion chamber connected with the fire-box by one or more tubes 
surrounded by water, having an opening for the admission of atmospheric 
air, and communicating with the combustion chamber through a number 
of small tubes, by which means the atmospheric air is brought into contact 
with the flame and gas entering the combustion chamber. A disc of fire- 
clay is placed at a short distance from the air tubes in the combustion 
ehamber ; re San Oe disc the flame and rp oy 
spread over the whole of the air tube surface, prevent smoke, increase heat, 
and economise fuel. 
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STEAM ENGINES,-—-IMPORTANT TO MINERS, MANUFACTURERS,{CONTRACTORS, EXPORTERS, AND OTHERS. 
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NV ESSRS, PAGE AND CAMERON, 64, OLD BROAD 

STREET, LONDON, E.C., beg to inform exporters, manufacturers, and others 
requiring steam power, that they have OPENED a WAREHOUSE in the CITY, where 
they will always endeavour to KEEP in STOCK a LARGE ASSORTMENT of NEW 
HIGH-PRESSURE and CONDENSING HORIZONTAL, VERTICAL, and BEAM 


ENGINES, for MANUFACTURING and MINING PURPOSES. Also, HORI, 
ZONTAL and BEAM BLAST ENGINES, for IRON SMELTERS, &e. Shelf. 
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They have at present FOR SALE, at very LOW PRICES, the following HORIZONTAL | 
HIGH-PRESSURE STEAM-ENGLNES, to which they respectfully invite attention | 
and inspection, viz.:—A 30 horse power, 20 in. cylinder, and 3 ft. stroke, with balance | 
valves. Two of 15 horse power, 14 in. cylinder,and 2 ft.stroke. Oneof 11 horse power, 
12 in. cylinder, and 2 ft. stroke. One of 8 horse power, 10 in. cylinder, and 1 ft. 6 in. 
stroke. And one of 6 horse power, 8 in, cylinder, and 1 ft. 6 in. stroke. All the above 
engines are bright, fitted with wrought scrap iron shafts and cross heads, and ready for 
immediate deliverp. 

Also in process of manufacture,a similar description of engine, of 70 horse power, 30 in. 
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cylinder, and 5 ft. stroke. Two of 40 horse power, 24 in. cylinder, and 4 ft, 
| of 30 horse power, 20 in. cylinder, and 3 ft. stroke, all with balance valves, 
of 22, 20, 16, and 12 horse power. 
The whole of the’engines are fitted with massive foundation plates, are of a g 
amd substantial build, and are peculiarly adapted for exportation. 
Being manufactured in sets and large quantities, Messrs. Pace and Camweno 
sured that they can successfully compete with London or provincial manufer 
Iron castings of every description, either from patterns or drawings, on the 
| sonable terms. 








Now ready, Svo., with plates, boards, 6s., 


NGINEERING PRECEDENTS FOR STEAM MACHINERY: 

Embracing the Performances of Steam Ships, Experiments with Propelling In- 

struments, Condensers, Boilers, &c., accompanied by Analyses of the same, the whole 
being original matter. By B. F. ISHERWOOD, Chief Engineer, U.S. Navy. 


MULLER’S PRINCIPLES OF PHYSICS AND METEOROLOGY. 
With 530 woodcuts, and two coloured engravings, 8vo., 18s. 


WEISBACH’S MECHAN NICS" OF MACHINERY AND 
ENGINEERING. 
2 vols., Svo., with 900 woodcuts, £1 19s. 


KNAPP, RONALDS, AND RICHARDSON’S CHEMICAL TECH- 
NOLOGY; OR, CHEMISTRY IN ITS APPLICATIONS TO THE ARTS AND 
MANUFACTURES. FUEL AND ITS APPLICATIONS. 

Vou. I., in two parts. Most fully illustrated with 433 engravings, and four plates, 
Svo., £1 16s. (This is the Second Edition of Knapp’s Technology). 

Vou. Il contains Glass, Alum, Potteries, Cements, Gypsum, &c. With numerous 
illustrations, 8vo., £1 1s. 

Vow. ITI. contains Food Generally, Bread, Cheese, Tea, Coffee, Tobacco, Milk, and 


Sugar. With numerous illustrations and coloured plates, 8vo., £1 2s. 
QUEKETT’S (JOHN) PRACTICAL TREATISE ON THE USE 


OF THE MICROSCOPE. 


Third Edition, with eleven steel and numerous wood engravings, 8vo., £1 1s. 





In 2 vols., 8vo., Second Edition, with numerous wood engravings, price £ 
GR AHAM’S (T. ) ELEMENTS OF CHEMISTRY: INCL CDING 
THE APPLICATION OF THE SCIENCE IN THE ARTS. 
Vou. I., edited by H. Warr, F.C.S., just out, £1. 


MITCHELL’S (J.) MANUAL OF PRACTICAL ASSAYING. 
FOR THE USE OF METALLURGISTS, CAPTAINS OF MINES, AND 
ASSAYERS IN GENERAL. 

Second Edition, much enlarged, with illustrations, 8vo., £1 1s. 


QUARTERLY (THE) JOURNAL OF CHEMICAL SOCIETY. 


Vou. XI., 8vo., 1859, 138. 








H. BatLyrere having a house in France, America, and Spain, is enabled to supply all 
scientific publications as soon as published. He also begs to call attention to "y Lf 
stock of scientific works, of which a catalogue will be sent free on application. 

London: H. Bailliere, publisher, 219, Regent-street. 





Published on April 1, price 6d. per copy, or 6s. annually— 
T= MINING REVIEW, AND: MONTHLY COMMERCIAL | 
RECORD. 

The chief object of this publication will be to furnish shareholders, capitalists, and the 
public with reliable information relating to Mining, Railway, and other Commercial Se- 
curities, together with statistics and general observations of utility to investors. 

No. 2 will contain :— 

List of Dividends Paid by Cornish and Devon Mines during the past 12 years. 

Weekly Review of Business Transacted in Cornwall during the month. 

Daily Record of the Share Transactions in the best Dividend and Progressive Mines. 

Leading Articles on Cornish and Devon Mining Enterprise and the Cost-book System. 

Compendium, giving a detailed description of the Basset, South Frances, Old Tolgus 
United, South Buller and West Penstruthal, Buller and Basset United, West Grenville 
Besore, and North Downs Mines. /l hs 

sa y 


Monthly Commercial Record. 
Prices of Railway Stock. 
Sales of Copper and other ores, with a mass of valuable data and useful information. 
Published at the offices, 19 ,Great St. Helens, London, and to be had of all newsvenders. 


INVESTMENTS IN BRITISH MINES. 
Full particulars of the most important Dividend and Progressive Mines will be 


found in the Fourth Edition of 
RITISH MINES CONSIDERED AS AN INVESTMENT, 
Recently pu a by J. H. Mcncuison, F.G.S., F.S.8. 
Pp. 356; price 3s. 6d., by post, 4s. 

Mr. Murcuisow also ities a Qu ARTERLY REV IEW OF BRITISH MINING, 
giving, at the same time, the Position and Prospects of the Mines at the end of each quar- 
ter, the Dividends Paid, &.; price 1s. Reliable information and advice will at any 
time be given by Mr. Mv neuen, either personally or by letter, at his offices, No. 117, 
Bishopsgate-street Within, London, where copies of the above publications can be ob- 
tained, 








OPINIONS OF THE PRESS. 

Mr. Murchison’s new work on British Mines is attracting a great deal of attention, 
and is considered a very useful publication, and calculated to considerably improve the 
position of home mine investments.— Mining Journal. 

The book will be found extremely valuable.— Observer’. 

A valuable little book.— Globe. 

A valuable guide to investors.— Herapath. 

Mr. Murchison takes sound views upon the important subject of his book, and has 
placed, for a small sum, within the reach of all persons contemplating making invest- 
ments in mining shares that information which should prevent rash speculation and un- 
productive outlay of capital in mines.—Morning Herald. 

Of special interest to persons having capital employed, or who may be desirous of in- 
vesting in mines.— Morning Chronicle. 

Parties requiring information on mining investments will find no better and safer in- 
atructor than Mr. Murghison.—Leeds Times. 

As a guide for the investment of capital in mining operations is inestimable. One of 
the most valuable mining publications which has come under our notice, and contains 
more information than any other on the subject of which it treats. —Derby Telegraph. 

To those who wish to invest capital in British Mines, this work is of the first impor- 
tance.— Welshman. 

This work enables the capitalist to invest on sound principles ; 
cellent guide.— Plymouth Journal. 

Persons desirous to invest their capital in mining speculations, will find this work a 
very useful guide.— Warwick Advertiser. 

It is full of carefully compiled and reliable information relative toall the known mine 
in the United Kingdom.—Shefield Free Press. 

Those interested in mining affairs, or who are cesirous of becoming speculators,should 
obtain and carefully peruse the work.— Monmouth Beacon. 

Every person connected, or who thinks of connecting himself, with mining specula- 
tions should possess himself of this book.—North Wales Chronicle. 

A very valuable book.—-Cornwall Gazette. [Glasgow Eraminer. 

All who have invested, or intend to invest, in mines should péruse this able work. 

We believe a more useful publication, or one more to be depended on, cannot be found. 
—Plymouth Herald. 

With such a work in print, it would be gross neglect in an investor not to consult it 
before laying out his capital.— Poole Herald. 

Mr. Murchison will be a safe and trustworthy guide, so far as British Mines are con- 
cerned.— Bath Express. 

Is deserving the attention of every one who secks 
tel.— Brighton Examiner. 

This is really a practical work for the capitalist.— Stockport Advertiser. 

To capitalists the work will prove very serviceable.— Birmingham Mercury. 

All who have invested, or intend to invest, in mines, would do well to consult this 
very useful work. —Ipswich / / 


it is, in truth, an ex- 


profitable investment of his cpl 


Express 
Of great value to capitalists. dentetend Times. 4 


Eo bpin= TO RAILWAY AND STEAM-BOAT TRAVELLERS, 
~—ANDERTON’S HOTEL, 162,164, 165, FLEET STREET. BREAKFAST, with 
joint, 1s. 64. BEDS, 10s. 64. per week. DINNERS from Twelve to eight o'clock ; 
joint and vegetable, 1s. 6d.; with soup or fish, 2s. TURTLE SOUP AND VENISON 





BY HER MAJESTY’S ROYAL LETTERS PATENT. 


HOMAS ARCHER’S, Jux., PATENT SELF-ACTING 
APPARATUS, for the PREVENTION of BOILER EXPLOSIONS, can be 
APPLIED to ANY DESCRIPTION of BOILER, and will ENSURE its PERFECT 
SECURITY. The advantages of this invention are :— 
1.—Perfect protection from explosion, independent of neglect of the person in charge 
of the boiler. 
2.—The water cannot possibly get below a fixed level without putting out the fire. 
3.—Regulating the fire, and thus obviating the opening of the fire doors, or blowing off 
the steam, when at any time it may be required that the engine should stand, thus 
saving fuel. 
4.—Simplicity of construction, ard non-liability of getting out of order. 
5.—Indicates at all times to the eye the height of the water, and whistles when the 
water is falling, thus warning the fireman to the latest degree before putting out the fire. 
Highly satisfactory testimonials, which testify the above, have been received from all 
parties having them in use. 
May be had on application to the patentees, Messrs, T. Ancner and Soy, Dunston 
near Gateshead ; also of Mr. H. Watson, High Bridge, Newcastle. (427 


HEODOLITES, LEVELS, CIRCUMFERENTERS, 
MATHEMATICAL DRAWING INSTRUMENTS, SCALES, RULES, TAPES, 
T SQUARES, &c.—_ JOHN ARCHBUTT, 20, WESTMINSTER BRIDGE ROAD, LAM- 
BETH, near Astiey’s Theatre, respectfully calls attention to his stock of the above arti- 
cles, manufactured by superior workmen. The prices will be found considerably lower 
than ever charged for articles of similar quality. An illustrated price list forwarded free 
on application: 8 in. dumpy level, complete, six guineas; 10 in. ditto, eight guineas ; 
14 in. ditto, ten guineas ; with compass, one guinea each extra; best 5 in. theodoli di. 
vided on silver, eighteen guineas. Wi 


ICK HANDLES, SLEDGE HANDLES, FIVE FEET CLEFT 
ASH HANDLES,SHOVEL HANDLES, FIR AND BEECH PILCHARD,CLAY, 
and other STAVES. OAK, ASH, ELM, and BEECH TIMBER, in planks and logs. 
PIT PROPS, and every description of English wood goods. Merchants, mining agents, 
and others in search of the cheapest market for the above should apply to— 
THOMAS BULBECK, TIMBER AND STAVE MERCHANT, 
CHICHESTER, SUSSEX. 








Pick handles ........++ 1s. 0d. per dozen. | 5 ft. ash handles ...... 38. 4d. per dozen. 
Sledge handles ........ 28. 8d. Pa | Shovel handies........ ls. 7d. - 
Pilchard staves, 33 x 5-16 Im. ....ccccececseees 45s. per mille of 1200 4 in, 
Clay staves, 40 X44 iM... eee ececcesecceeecens 70s. per mille of 1200 4 in. 





AS 





erro a sent per post on receipt of 12 stamps. 


All goods delivered to any port in the West of England, or Wales, free of vz 
Greatly reduced prices to all persons taking a whole cargo. 


SAY OFFICE AND WETVIe it 
DUNNING’S ALLEY, BISHOPSGATE STEET WITHOUT, LONDON. 
Conducted by MiTcHELL and RicKarD (late John Mitchell, F.C.S., Author of 
Manual of Practical Assaying, Metallurgical Papers, &c.) 

Assays and Analyses of every description performed as usual. Special Instruction in 
Assaying and Analysis. Consultations in every branch of Metallurgical and Manufac- 
taring Chemistry. Assistance rendered to intending Patentees, &c. “ 

For amount of fees, apply to the office, as above. VA) 2 











SILVERTOWN INDIA-RUBBER WORKS 
(Opposite Her Majesty’s Dockyard), Woolwich 
WAREHOUSES, 3 and 4, BISHOPSGATE-STREET WITHIN 
(Opposite the London Tavern). 
MANUFACTURERS OF 
VULCANTISED INDIA-RUBBER AND RAILWAY MACHINERY APPLIANCES, 


t ete 


Solid India-Rubber Head | Ballast Bags. India-Rubber and Canvas 

and Foot Valves. Railway Buffers. Connection Hose. 
Delivery Valves. Bearing and other Springs. | India-Rabber and Canvas 
Air Pump Valves. Wheel Tyres. Conducting Hose. 
Flanges. Gas Bags. India-Rubher and Canvas 
Pump Clacks. Hose. Suction Hose. 


Socket Rings. India-rubber Machine Bands 
Gauge Rings. and Buckets. 

THE CELEBRATED INDIA-RUBBER STEAM PACKING IN ROPE, SHEET, 
RINGS, &c., SUITABLE FOR STUFFING BOXES, FLANGE JOINTS, &c. 
PATENTEES OF THE 
IMPROVED WATERPROOF FABRICS AND GARMENTS. 

Perfectly free from odour, and not affected by heat. 

Impermeable Sheeting for Hospitals. 
Pillows and Cushions. 


Camp and Ground Sheets. Z 
Cart Covers. /> 4 
Life Preservers. 
Fishing Boots and Stockings, Waterproof Coats, Capes, Caps, and Leggings. 


Gig and Omnibus Aprons. 
APPIN’S ELECTRO-SILVER PLATE & TABLE CUTLERY. 
—MAPPIN BROTHERS (Manufacturers by Special Appointment to the Queen) 
are the only Sheffield makers who supply the consumer in London, Their London Show 
Rooms, 67 and 68, King WiLtiaM STREET, Lonpon Bripez, contain by far the LARGEST 
STOCK OF ELECTRO-SILVER PLATE and TABLE CUTLERY in the world, which 
is transmitted direct from their manufactory, Quzen’s CuTLERY WorKS, SHEFFIELD. 


Gas Tubing. 


Portable Baths. 
Water and Air Beds. 














Fiddle Pat. Double Thread. King’s Pat. ay Pat. 

12 Table Forks, best quality...... £116 0..4214 0..£3 0..£312 0 
12 Table Spoons, best quality .... 116 0.. 214 0.. 38 ° 0... 319 0 
12 Dessert Forks, best quality. oa (EE Beco 8B Cie 84D a Se 
12 Dessert Spoons, best quality .. ae. C.co 2.0 Bce 8.3 Cee. SoD 
12 Tea Spoons, best quality ..... @16 @.. 2 &42Oe 17 Oo. 13 6 
2 Sauce Ladies, best quality .... 0 8 0.. 010 0.. O11 0... 018 0 
1 Gravy Spoon, best quality .... 907 0.. 010 6.. O11 0.,. 013 0 
4 Salt Spoons (gilt bowls),bestqu. 0 6 8.. 9010 0.. 012 0... OM 0 
1 Mustard Spoon, best quality .. 0 18.. 026.. 080., 0 8 6 
1 Pair Sugar Tongs, best quality. 0 36.. 056... 06090.. 070 
1 Pair Fish Carvers, best quality. 10 0., 110 0.. 1140,., 118 0 
1 Butter Knife, best quality .... 930.. 0590.. 060... 070 
1 Soup Ladle, best quality...... 912 0., 016 0. 017 6... 196.6 
6 Egg Spoons (gilt), best quality. 010 0., 015 0, om 6. 112 86 
Comylete Service eeeeees £10 13 10 .. £15 16 £1713 6 ..£21 4 6 


Any article can be had separately at the same prices. 

One Set of Four Corner Dishes (forming eight dishes), £8 8s.; One Set of Four Dish 

Covers (one 20 in., one 18 in., and two 14 in.), £10 10s. ; Cruet Frame (four glass), 24s. ; 

Full Size Tea and Coffee Service, £9 10s. A Costly Book of Fngravings, with prices at- 

Ord. qual. Medium qual. Best qual. 
6 









‘wo dozen Full Size Table Knives, Ivory Handles ..£2 4 0 .. £3 0 ..4412 0 
144 dozen Full Size Cheese ditt0...-+seseccscesess 14060.. 114 6.. 211 0 
One Pair Regular Meat Carvers ..-.ss+ececeseseee 0 7 6. OM O.. O15 6 
One Pair Extra Sized ditto ......-- PPT TTT Tite owes © 8 C6. O12 O.. O16 6 
One Pair Poultry Carvers.. 076... O11 0... 01 6 
One Steel for Sharpening .. 03830.04090.. 9060 

Complete Service ...sececcesecsceverecesecs 16 0 ..£6 18 - £9 16 


Messrs. Marrprn’s table “knives still ‘maintain their unrivalled supertority ; all their 
blades, being their own Sheffield manufacture, are of the very first quality, with secure 
ivory handles, which do not come loose in hot water, and the difference in price is occa- 
signed solely by the superior quality and thickness of the ivory handles. 





DAILY. TABLE D’HOTE at Half-past one exd Half-past five, at Two Shilli each, 
A night porter in attendance a a A 


ae 


APPIN BROTHERS, 67 and 68, King William-street, City, London; 
y Queen’s Cutlery Works, Sheffield. 
[3 ) 44 










ESSRS. KNOWLES AND BUXTON, CHESTER 


MANUFACTURERS OF PATENT TUBULAR TUYERES 


ty A 


Ordinary size, 16 in. long, 30s. each; extra ditto, 20 in. long, 353. each 
22 in. long, 40s. each ; extra large ditto, 24 in. long, 45s. each ; Is, anan port 
Delivered at C hesterfield station. ‘Terms, nett cash quarterly. 


| HULL FORGE.| 


LLOTT fag THELWALL, HULL FORGE, HU 

pre to supply RIVET, BAR, NUT, and ANGLE IRON, SHA 
FORGINGS, USES, &c., made entirely from scrap fron, on reasonable terms, 

shortest notice. The superior quality of the Hull Forge iron is well known, 

brand extensively used where quality is of importance. —Holl Forge, Nov. 8, 18! 


MiXiNG STEAM ENGIN 
TO BE LET ON HIRE, OR FOR SALE, 
PATENT PORTABLE STEAM-ENGINE 
From 6 to 20-horse power, & upwards, 
SUITABLE 
PUMPING,V 
AND 
WORKIN 
MACHIN 
GEN 
Apply to 
T. CRESSWELL, Ei 
No. 92, 
Black friars- 






























































































































ALEY’S PATENT 
JACK, 


MANUFACTURED BY THE INVENTOR, 
JOSEPH HALEY, 


ALBION STREET, GAYTHO 
MANCHESTER. 










SCREW JACKS, SHIP JACKS. 









SLIDE AND CENTRE LATHES, 
PLANING, SHAPING, BORING, DR 
SCREWING, WHEEL CUTTING, 
AND OTHER MACHINES. 












RIVET MAKING MACHINES. 













TO ENGINEERS, MILLWRIGHTS, MACHINISTS, &c. 
ULCANISED INDIA-RUBBER in the FOLLOWING FO. 


any size, or to working drawings for MECHANICAL purposes :— 
WASHERS for Steam and Gas Joints, FIRE ENGINE AND FACTORY I 
VALVES for Marine and other Steam- | WATERP#OOF CART, VAN, Ad 

Engines. GON COVERS. 
ENGINE PACKING (Elastic). MACHINE AND MILL-BA 
PUMP BUCKETS (Elastic). Driving all kinds jm 
HOSE-PIPES, for Hot and Cold Water. RAILWAY BUFFER SPRINGS. 
GAS TUBING (Plain and Figured). BALL VALVES, for Pumps, &. 
SUCTION HOSE, for Pumps, &c. PUMP PACKING (Rings or Rope). 

IMPROVED LEATHER LACES, for Joining 

N.B. A large . of the above always on hand, and ms modification made to 
ease address all communications to the Manufactory, 8 
JAMES LYNE. HANCOCK, VULCANISED INDIA-RUBBER WORKS, 
GOSWELL ROAD, LONDON, E.C. 






































Works published at the Mixtxc Journat office, 26, Fleet-street, 


PRACTICAL TREATISE ON MINE ENGINEERING. By G. C. GREE 
one vol., half-bound, £2 15s.; whole bound in Morocco, £3 10s. In two 
bound, £3 3 


TREATISE ON IRON METALLURGY. By 8. B. Rocens. £1 5s. 

NEW GUIDE TO THE IRON TRADE, OR MILL MANAGERS’ AND 5 
TAKERS’ ASSISTANT. By James Rose. 8s, 6d. 

TRANSACTIONS OF THE NORTH OF ENGLAND INSTITUTE OF 
ENGINEERS. Six volumes: 21s. per volume. 

THE COST-BOOK—TAPPING’S PRIZE ESSAY—wita NoTes AND APPENDIX. 

TAPPING’S EXPOSITION OF THE JOINT-STOCK COMPANIES ACT, 4%. 

GEOLOGY AND MINING—FOUR LECTURES, by G. Henwoon, 28. 6d. bY 

INVENTIONS, IMPROVEMENTS, anp PRACTICE, OF 4 COLLIERY ENGD 
AND GENERAL MANAGER. By Bensamin Thompson, 


TAPPING’S DERBYSHIRE MINING CUSTOMS. 6s, 
TAPPING’S HIGH PEAK MINING CUSTOMS. 5s. 


TAPPING’S EDITION OF MANLOVE’S CUSTOMS OF THE LEAD 
DERBYSHIRE. 3s. 


PLAN OF VENTILATING COAL MINES, By Wo. Horton. 38. 
SOUTH WALES INSTITUTE or ENGINEERS. Parts I., I1., and III, 26. at 
ON COPPER SMELTING. By Hype Crarke,C.E. Is. 
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prietors), at their office, No.26, FLEET-sTREET, where all comm 
to be addressed . : “apr iy} 








